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Abstract 

Aim: The aim of this study was to compare the efficacy of Del Nido and blood cardioplegia in patients who underwent cardiac surgery with CPB support 
and required cardioplegia administration in the Department of Cardiovascular Surgery Clinic of our hospital by evaluating albumin and TSH hormones 
preoperatively and postoperatively. 

Material and Methods: In this retrospective study, a total of 60 patients over the aged =18 years who underwent open heart surgery with CPB support between 
2020 and 2024 were included. The patients were divided into two groups: 30 Del Nido cardioplegia group and 30 blood cardioplegia group. Preoperative and 
postoperative albumin and TSH values, cross-clamp and total bypass times, ejection fraction percentage (EF%), age and body surface area were analyzed and 
compared from the files of the patients in these groups. 

Results: According to statistical analysis of del nido and blood cardioplegia groups, age (54.31 + 9.59, 61.79 + 7.43) (p=0.001), cross-clamp duration (86.28 
+ 22.75, 49.93 + 14.29) (p=0.001), total duration (132.86 + 29.53, 82.76 + 16.93) (p=0.001) and preop-TSH (1.66 + 1.3, 2.16 + 1.2) (p=0.040) values were 
found to be statistically significant (p<0.05). However, Body surface area, ejection fraction, preop and postop-albumin and postop-TSH were not found to be 
statistically significant between the groups (p>0.05). 

Discussion: According to our data, there was no significant difference in albumin and TSH parameters after CPB, indicating that the effects of Del Nido and 
blood cardioplegia were similar. 
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Introduction 

Cardiopulmonary bypass (CPB) is a mechanism that temporarily 
assumes the function of the heart and lungs. It mechanically 
oxygenates the blood in the extracorporeal circulation and 
circulates it throughout the body [1]. Cardioplegic solutions 
are used to temporarily stop the heart to create a bloodless 
space and provide myocardial protection during surgery using 
the CPB technique. Dr. Melrose reported the first cardioplegia 
used in cardiopulmonary bypass (CPB) in the early 1950s. 
Dr. Melrose also demonstrated that high doses of potassium 
citrate temporarily stopped the heart so that it could restart 
[2]. Potassium used in cardioplegic solutions depolarizes 
the myocardial membrane, triggering its contraction. As a 
result of this contraction, calcium ions are released, followed 
immediately by their retention. This causes the heart to stop in 
diastole [3]. As the spread of the cardioplegia solution increases 
and its components are washed away along with the products 
of anaerobic cellular metabolism, electrical activity begins to 
manifest itself. Therefore, dosing of cardioplegia needs to be 
re-adjusted. However, there are other ions other than potassium 
used in cardioplegia. These are magnesium, sodium and calcium, 
etc. All of these ions reduce myocardial contraction. In this 
way they are effective in myocardial protection. In addition to 
these ions, it is also possible to provide further protection with 
some compounds such as bicarbonate and lidocaine []. Various 
cardioplegic solutions are used to maintain the safety of CPB 
[5]. These solutions include hypothermic cardioplegia, warm 
blood cardioplegia and Del Nido. Cardioplegic solutions can 
be administered anterograde or retrograde, or both, and must 
be of adequate volume [6]. During administration, the rate, 
components, volume, pressure and temperature of the solution 
are adjusted by the perfusionist [7]. In patients undergoing 
open heart surgery, changes in some electrolyte and protein 
levels may be observed due to CPB technique. Albumin, the 
most abundant protein in the blood [8] can be measured at low 
levels in the preoperative or postoperative period in open heart 
surgery using CPB technique. This is an important risk factor 
that increases preoperative and postoperative mortality and 
morbidity [9]. Albumin has antithrombotic, antioxidant and anti- 
inflammatory functions. It helps to transport certain substances 
and drugs and maintain the oncotic pressure of the blood. Results 
from studies show that it is a strong marker of cardiovascular 
(CV) risk. Protects against cardiovascular diseases (CVD) such 
as hypertension, congenital heart disease, atrial fibrillation and 
heart failure [10]. The reference range for adult human serum 
albumin is accepted as 3.5-5 g/dl. However, the pathologic limit 
may vary according to the tests used. Serum albumin levels 
are slightly higher in men than in women. It tends to decrease 
with age [11]. Another factor that increases the likelihood of 
CV morbidity and mortality is hyper- and hypothyroidism [12]. 
Plasma thyroid-stimulating hormone (TSH or thyrotropin) level 
is a widely used marker to monitor thyroid status. According to 
the Turkish Society of Endocrinology and Metabolism (TEMD), 
the reference range for TSH is between 0.5-4 mU/L [13]. TSH is 
<4.0 mlU/L in subclinical hyperthyroidism and TSH>0.4 mlU/L 
in subclinical hypothyroidism. However, free thyroxine and free 
triiodothyronine levels are within reference ranges [14]. 

CV risks should be determined as a function of TSH. Only a few 


studies have looked at it from this perspective [15]. 

The cardioplegies we use in our center to temporarily stop the 
heart to create a bloodless area and to provide myocardial 
protection are Del Nido and blood cardioplegia. Del Nido 
cardioplegia consists of; Patient blood (200 ml, 20% del Nido 
cardioplegia solution), Balanced electrolyte solution (1000 
ml), Mannitol 20% (17 ml), MgSO4 15% (14 ml), KCL 1 mEq/ 
ml (26 ml), NaHCO3 8.4% (13 ml), Lidocaine 2% (6.5 ml) [5]. 
The cardioplegia content in KCL 1 mEq/ml and MgSO4 15% 
is calculated by completing the patient’s initial blood gas 
potassium value to 22 ml. Potassium and magnesium are used 
ina 1:1 ratio. 

The aim of this study was to compare the efficacy of Del 
Nido and blood cardioplegia in patients who underwent 
cardiac surgery with CPB support and required cardioplegia 
administration in the Department of Cardiovascular Surgery 
Clinic of our hospital by evaluating albumin and TSH hormones 
preoperatively and postoperatively. 


Material and Methods 

Working Groups 

In this retrospective study, a total of 60 patients aged =18 
years who underwent open heart surgery with CPB support 
between 2021 and 2024 were included. The patients were 
divided into two groups: 30 Del Nido cardioplegia group and 
30 blood cardioplegia group. Preoperative and postoperative 
albumin and TSH values, cross-clamp and total bypass times, 
ejection fraction percentage (EF%), age and body surface area 
were analyzed and compared from the files of the patients in 
these groups. 

Inclusion and Exclusion Criteria 

Patients over 18 years of age who underwent surgery with CPB 
support were included in the study. Patients under the age of 
18 and patients who did not receive CPB support were excluded 
from the study. 

Statistical Analysis 

The conformity of the data to normal distribution was 
tested with Kolmogorow-Smirnov and Shaphiro Wilk tests. 
Independent Samples t Test was used for the comparison 
of numerical variables in two independent groups for those 
with normal distribution and Mann-Whitney U test was used 
for the comparison of numerical variables in more than two 
independent groups. One-way analysis of variance (ANOVA) 
and LSD multiple comparison tests were used for normally 
distributed characteristics and Kruskal Wallis test and All 
pairwise multiple comparison test were used for non-normally 
distributed characteristics. Mean+standard deviation for 
numerical variables and number and % values for categorical 
variables were given as descriptive statistics. SPSS Windows 
version 25.0 package program was used for statistical analysis 
and P<0.05 was considered statistically significant. 

Ethical Approval 

This study was approved by the Harran University Clinical 
Research Ethics Committee (Date: 2024-07-22, No: 24/10/37). 


Results 
Table 1 shows the numbers and percentages of the Gender and 
Surgery Frequency Analysis. According to gender, a total of 60 
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Table 1. Gender and Surgery Frequency Analysis 


Gender + Surgery 


Number Percentage 
Female (F) 22 36.70 
Male (M) 38 63.30 
Total (F+M) 60 100 
CABG 45 75.00 
CABG+MVR 4 6.70 
AVR 6 10.00 
MVR 5 8.30 
Total Surgery 60 100 


AVR: Aortic Valve Replacement, CABG: Coronary Artery Bypass Graft, MVR: Mitral Valve Replacement 


Table 2. Statistical Analysis of Groups 


Del Nido Cardioplegia 


Blood Cardioplegia 


Age (years) 25 71 54.31 + 9.59 59) 76 61.79 + 7.43 0.001** 
Length (m) 1.46 1.85 1.66 + 0.09 eS 14835) 1.65 + 0.09 0.563 
Weight (kg) 50 100 75.03 + 10.55 55 115 76.79 + 14.44 0.864 
BSA i Pa) 1235) (0) 1 2.38 1.84 + 0.2 0.858 
Cross-clamp (min) 45 139 86.28 + 22.75 29 99 49.93 + 14.29 0.001** 
Total Time (min) 82 225 132.86 + 29.53 55) 2a 82.76 + 16.93 0.001** 
Preop-Albumin (g/dl) 2.8 47 4.09 + 0.47 35 53] 4.25 + 0.38 0.295 
Postop-Albumin (g/dl) ARTE 45 3.47 + 0.45 PAIR 4.3 3.44 +03 0.845 
Preop-TSH (ulU/mL) 0.42 74 1.66 + 1.3 0.508 5:1 2.16 + 1.2 0.040* 
Postop-TSH (ulU/mL) 0.5 6.5 USI) ae) 22 O55 42 Weis 3 WP 0.423 
EF (%) 35 60 51.38 + 6.67 20 65 49.48 + 8.17 0.219 


a. Mann-Whitney U Test * p<0.05, **p<0.001, Del nido Cardioplegia (n=30), Blood cardioplegia (n=30). BSA: Body surface area, EF: Ejection Fraction, kg: Kilogram, m: Meter, min: Minute, TSH: 


Thyroid-stimulating hormone 


Table 3. Correlation Analysis 


Age 


(years) 


Cross-clamp Time (min) 


Preop-TSH 


Total Bypass Time (min) (ulU/mL) 


Age (years) 
p 

Cross-clamp ui ORS 
Time (min) p 0,025 

Total Bypass : -0,322* 
Time (min) p 0,014 

Preop-TSH tr 0,066 

(ulU/mL) p 0,625 


Spearman's Correlation Test 


patients were included in the study, 22 female (36.70%) and 38 
male (63.30%). According to the surgery performed, 45 of the 
60 surgeries were CABG (75.00%), 4 CABG+MVR (6.70%), 6 AVR 
(10.00%) and 5 MVR (8.30%) surgeries. 

Table 2 shows the statistical analyses of the Del Nido and 
Blood cardioplegia groups. According to this analysis, mean 
age (54.31 + 9.59; 61.79 + 7.43) (p=0.001) and preoperative 
TSH (1.66 + 1.3; 2.16 + 1.2) (p=0.040) values were lower in the 
Del Nido group than in the Blood cardioplegia group. It was 
found to be statistically significant (p<0.05). Cross-clamp time 
(86.28 + 22.75; 49.93 + 14.29) (p=0.001) and total bypass time 
(132.86 + 29.53; 82.76 + 16.93) were longer in the Del Nido 
group (p=0.001). It was found to be statistically significant 
(p<0.05). Postoperative albumin values were slightly lower 


0,025 0,014 0,625 
1 0955" -0,360** 
0,001 0,006 
0,935** 1 -0,360** 
0,001 0,006 
-0,360** -,360** 1 
0,006 0,006 


than preoperative albumin values in both groups. In addition, 
postoperative TSH values also showed a slight decrease 
compared to preoperative values in both groups. However, 
this was not statistically significant (p>0.05). In addition, 
body surface area and ejection fraction were not statistically 
significant between the groups (p>0.05). 

Correlation analysis is given in Table 3. According to this 
analysis; 

There is a low level negative significant correlation between 
age and Cross-clamp and Total bypass duration. 

There is a low level negative significant correlation between 
Cross-Clamp and Age and Preoperative TSH. 

There is a highly significant positive correlation between Cross- 
Clamp and Total bypass duration. 
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Discussion 

Albumin has antithrombotic, antioxidant and anti-inflammatory 
functions. It is protective against CVD such as hypertension, 
congenital heart disease, atrial fibrillation and heart failure 
(HF) [10]. Albumin can be measured at low levels preoperatively 
or postoperatively in open heart surgery using CPB technique. 
This is an important risk factor that increases preoperative or 
postoperative mortality and morbidity [9]. 

After 15 years of observation, a cohort study reported that 
hypoalbuminemia independently predicted both disease-related 
(such as CVD and cancer) and all-cause mortality [16]. To 
determine the prognostic implications and phenotypic correlates 
of serum albumin, Prenner et al. conducted a study using 
magnetic resonance imaging. In this study, 118 adult patients 
with heart failure with preserved ejection fraction (HFpEF) had 
all-cause death and/or heart failure-related hospitalizations 
during 57.6 months of follow-up. The study reported that 
serum albumin was associated with detrimental pulsatile aortic 
hemodynamics, myocardial fibrosis and prognosis in HFpEF 
[17]. Studies have reported that hypoalbuminemia is seen in 
approximately 25% of patients with HF. It has also been shown 
to be a serious predictor of negative results in HF with low 
EF [18]. In a study of 2907 elderly individuals observed for 
9.4 years, hypoalbuminemia was reported to be associated 
with the progression of HF onset with the actual preserved 
ejection fraction except for the risk factors of HF [19]. In a 
study describing the adverse consequences of low albumin and 
CVDs in patients with coronary artery disease, it was reported 
that patients with hypoalbuminemia were at risk for major 
CVDs and had a 1.5-year increase in all-cause mortality [20]. 
In our retrospective study, the preop-albumin value was slightly 
lower in the Del Nido group compared to the blood cardioplegia 
group. However, it was not found to be statistically significant. 
Postop-albumin values after CPB were slightly higher in the 
Del Nido group. However, there was no significant difference 
in both groups. Preop and postop albumin values were close to 
each other in both Del Nido and blood cardioplegia groups. It 
was observed to be within the range of normal reference values. 
Another factor that increases the likelihood of CV morbidity 
and mortality is hyper- and hypothyroidism [12]. Changes in 
thyroid function cause changes in blood pressure and CV risk 
factors. Late clinical recognition of subclinical structures of 
thyroid dysfunction (subclinical hypo- and hyperthyroidism) 
leads to negative CV outcomes [21]. It has been reported to 
increase CV risk. The association between atrial fibrillation 
and hyperthyroidism has been shown as an example [22]. In a 
cohort study involving euthyroid individuals, high-normal TSH 
levels were compared with moderate-normal TSH levels. High- 
normal TSH levels have been linked to increased CVD mortality 
rates associated with all causes [23]. In contrast, other studies 
have not found an association between TSH levels in the normal 
range and mortality in the general population. A cohort study 
of 212,456 individuals with a follow-up of 4.3 years reported 
that plasma TSH levels in the normal reference range were not 
associated with mortality [24]. 


Limitation 
The fact that the study was conducted in a single center and 
with a small number of patients. 


Conclusion 

In our study, preoperative TSH values of patients in the Del 
Nido and blood cardioplegia groups before CPB were found to 
be statistically significant. Preoperative albumin levels were 
not found to be significant. However, no significant difference 
was observed in postoperative albumin and TSH values after 
CPB in both Del Nido and blood cardioplegia groups. Although 
these values showed a slight decrease after CPB compared to 
the preoperative values, they were not found to be statistically 
significant. This suggests that the effects of Del Nido and blood 
cardioplegia on these parameters were similar. 
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